Introduction
Recently, much attention has been paid to the interesting photo-functionalities of polysilane such as photoluminescence, electroluminescence, and photoconduction and so on [1] . It has been suggested that a-conjugation along the Si-Si bonding is responsible for their photo-functionalities.
The Q-conjugation also causes the photo-cleavage of Si-Si bonding because of their ultraviolet absorption [2] . Hence, they have not yet been used for the industrial electronic or optical devices because of less light stability. The properties of photo-cleavage of polysilanes, however, have been applied to the posi-type photoresist for electronic or optical device fabrication [3] .
In order to improve photo-durability of polysilane chain, we have prepared polysilane-silica hybrids in which polysilane chains are separated each other by silica matrix. The hybrids were produced via sol-gel reaction using poly(methylphenylsilane)/3-methacryloxypropyltriethoxysilane block copolymer [P(MPS-co-MPTES)] and tetraethoxy orthosilicate (Si(OC2H5)4: TEOS) (Scheme 1) [4] . The hybrid thin films were transparent with a wide range of compositions between polysilane and silica, and moreover, it was found that they have certain durability to UV irradiation in comparison with polysilane thin films [5] . The polysilane-silica hybrid thin films exhibited specific properties on photoluminescence and polarization memory [6] . I. Photopolym. Sci. Technol., Vol.14, No.5, 2001 In this paper, we examine the change in surface and optical properties of the polysilane-silica hybrid thin films using AFM, optical microscope for depth profile, and ellipsometry.
The relation between the surface state and the silica content has been elucidated.
Experimental
P(MPS-co-MPTES) was prepared according to the procedure previously reported [3, 7] . We have prepared two type of P(MPS-co-MPTES) for examination of the difference of UV sensitivity. One was prepared from linear PMPS that was synthesized by Wurtz coupling reaction [1] in our laboratory, and the other branched PMPS that was kindly supplied from Osaka Gas Co., Ltd.. The characterization of P(MPS-co-MPTES) used here is shown in Table 1 . Polysilane-silica hybrid thin films were prepared from sol-gel process using P(MPS-co-MPTES) and TEOS. The feed ratio of P(MPS-co-MPTES) and TEOS on the preparation of the hybrid thin film was [P(MPS-co-MPTES)]/[TEOS] = 1/0, 1/1, 1/3, 1/5, and 1/10 by weight. The P(MPS-co-MPTES) (50 mg) and TEOS (50 x n mg; n = 0,1, 3, 5,10) were dissolved in tetrahydrofurane (ThF) with 8 wt% HCl solutions as the catalyst. After stirring at room temperature for 2 h, the mixture was spin-coated on the silicon or silica substrate and the thin films on the substrates were aged at 120 °C for 1 h.
After the sol-gel process, UV irradiation to the hybrid thin films was performed by using a high pressure Hg lamp (Ushio SP-V) (141 mW/cm2) through a Cr mask with a line-and-space pattern.
The hybrid thin films were then developed with n-hexane.
Before and after UV irradiation, we examined the surface and optical properties by the following analytical techniques. Atomic force microscope (AFM) was taken on a Digital Instrument Nanoscope III a with a tapping mode. The film thickness and refractive index were measured with a ULVAC ESM-1 ellipsometey using a He-Ne laser (632.8 nm). The depth profile of the hybrid thin films was examined with a Zygo New View 5000.
3. Results and discussion 3.1. Polysilane-silica hybrid prepared from the copolymer of linear polysilane
In general, polysilane has been known as a photosensitive material [3] . P(MPS-co-MPTES) likewise showed photosensitivity to form the positive pattern by UV irradiation as shown in Fig.1 (a), in which thin films of P(MPS-co-MPTES) were irradiated by UV with a light intensity of 141 mW/cm2 for 7.0 sec. Therefore, the length of polysilane segment in P(MPS-co-MPTES) was enough to delocalize a-electron, which causes the ultraviolet absorption followed by photo-clevage of Si-Si bonds. On the contrary, the decrease of film thickness of irradiated part after solvent development was suppressed to some extent in the polysilne-silica hybrid thin films ( Fig.1(b) and (c)) even after the same UV irradiation time. Especially, the hybrid thin film of 1/10 ratio had a little difference of the thickness between irradiated part and unirradiated one.
There was, however, a pronounced difference in the surface state according to the polysilane/silica ratio. The AFM image of the hybrid with 1/1 ratio after the same UV irradiation possessed numerous unevenness at a few dozen nm intervals ( Fig.2 (a) ). The irradiated surface area was found to consist of silica-like component that was confirmed by the XPS spectra. On the other hand, the surface of the hybrid with 1/10 ratio was extremely flat even after UV irradiation ( Fig.2 (b) ), although the photo-degradation of polysilane block was also confirmed by the XPS and UV-Vis absorption spectra. This is because the relative content of polysilane block in the hybrid with 1/10 ratio was smaller than that with 1/1 ratio.
A little change of the film thickness and surface state of the relatively silica-rich hybrid was observed with UV irradiation, while the compositional change seemed to occur due to the photo-degradation of polysilane block. We have already reported that the compositional change affected the refractive index in the polysilane-silica hybrid thin films [5] . Table 2 shows a more detailed result of refractive index change and decrease of film thickness in the polysilane-silica hybrid thin films after UV irradiation. The change was a relatively large value of An = 0.16 in a case of the hybrid with 1/1 ratio, although the film thickness decreased about 16 %. On the other, the hybrid thin film of 1/10 ratio showed low value of refractive index change (En = 0.04) with suppressing to 5 % of the film thickness change. These results should be predictable to application for optical devices such as, feed back laser and planar waveguide.
Comparison of polysilane-silica hybrid of linear polysilane and branched polysilane
In the practical device fabrication, the larger throughput will be necessitated. The smaller dosage of light, that is, the shorter irradiation time is desired to the lithographic process for electronic or optical elements. Above-mentioned polysilane-silica hybrid with 1/1 ratio prepared from linear polysilane necessitated a light dosage of 7.0 sec to show a refractive index of silica ( Fig.3 (a) ). On the other hand, the hybrid prepared from branched polysilane had a refractive index of silica even at an irradiation time of 2.0 sec, while the change of film thickness was likewise suppressed (Fig.3(b) ). Hence, we can control the UV sensitivity by changing the structure of polysilane block in the polysilane-silica hybrids.
Conclusion
The change of surface properties of polysilane-silica hybrid thin film was examined. The decrease of film thickness of the polysilane-silica hybrid thin films was suppressed by the increase of the silica content, while the refractive index decreased remarkably. Furthermore, the polysilane with branched structure in the polysilane-silica hybrid was confirmed to result in lowering of the irradiation dosage for change of refractive index.
